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In recent years, the endovascular repair of aortic
aneurysms has become an attractive new addition to
the armamentarium of the vascular surgeon. Since
the procedure was first described by Parodi et al1 in
1991, a goal of treatment has been to define this
technology for the repair of abdominal aortic
aneurysms (AAAs), which frequently have variable
anatomy. One of the most common aspects of aortic
anatomy that limit endovascular aneurysm repair is
the location of the renal arteries in relation to the
origin of the aneurysm.2 In general, most surgeons
require a segment of nonaneurysmal, thrombus-free
aorta of at least 15 mm in length, below the orifice
of the lowest main renal artery, on which to secure
the proximal edge of the stent graft.2,3 The presence
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Purpose: The endovascular repair of abdominal aortic aneurysms (AAAs) has been sug-
gested as an alternative to conventional aortic reconstruction. The presence of anom-
alous renal vascular anatomy frequently necessitates special planning during conven-
tional aortic replacement and may also create unique challenges for endovascular repair.
We analyzed our experience with 24 patients with variant renal vascular anatomies who
underwent treatment with aortic endografts to determine the safety and efficacy of this
technique in this population.
Methods: During a 6-year period, 204 patients underwent aortic endograft procedures,
24 (11.8%) of whom had variations in renal vascular anatomy. There were 19 men and
five women. Each of the 24 patients had variant renal vascular anatomy, which was
defined by the presence of multiple renal arteries (n = 32), with or without a renal
parenchymal anomaly (horseshoe or solitary pelvic kidney). Twenty patients underwent
aneurysm repair with balloon expandable polytetrafluoroethylene grafts, and the
remaining patients underwent endograft placement with self-expanding attachment sys-
tems. Eighteen patients underwent exclusion and presumed thrombosis of anomalous
renal branches to effectively attach the aortic endograft. The decision to sacrifice a super-
numerary artery was made on the basis of the vessel size (<3 mm), the absence of coex-
isting renal insufficiency, and the expectation for successful aneurysm exclusion.
Results: The successful exclusion of the AAAs was achieved in all the patients, with the
loss of a total of 17 renal artery branches in 12 patients. Small segmental renal infarcts
(<20%) were detected in only six of the 12 patients with follow-up computed tomo-
graphic scan results, despite angiographic evidence of vessel occlusion at the time of
endografting. No evidence of new onset hypertension or changes in antihypertensive
medication was seen in this group. No retrograde endoleaks were detected through the
excluded renal branches on late follow-up computed tomographic scans. Serum creati-
nine levels before and after endografting were unchanged after the exclusion of the AAA
in all but one patient with multiple renal branches. One patient had a transient rise in
serum creatinine level presumed to be caused by contrast nephropathy.
Conclusion: On the basis of this experience, we recommend the consideration of endovas-
cular grafting for patients with AAAs and anomalous renal vessels when the main renal vas-
cular anatomy can be preserved and when the loss of only small branches (<3 mm) is neces-
sitated in patients with otherwise normal renal functions. (J Vasc Surg 1999;30:407-16.)
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of congenital renal anomalies in association with
AAA can broaden the challenge.
Variations in renal artery anatomy have been found
in 25% to 40% of kidneys, the most common variation
being supernumerary or accessory renal arteries.4
Patients with horseshoe kidneys (HSKs) or solitary
pelvic kidneys can have ectopic or multiple renal arter-
ies that arise from the aorta, from the iliac vessels, or
from the aneurysm wall itself.4,5 Therefore, it may
become necessary to cover the orifice of an accessory
renal artery located distal to the main renal artery in
the zone of the aneurysm neck needed for stent graft
fixation.6,7 Similarly, renal arteries that arise from the
aneurysm wall itself would obviously be sacrificed. The
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Fig 1. A, Preoperative computed tomographic scan shows 6.1-cm abdominal aortic aneurysm
and horseshoe kidney anterior to abdominal aorta. B, Aortogram shows dominant right renal
artery with two small left renal vessels. C, Pelvic angiogram shows renal branches arising from
common iliac arteries. D, Artist’s rendition shows multiple accessory vessels, including isthmus
arteries originating from aneurysm.
arterial supply, which is distinct from the renal venous
system, has no collateral pathway within the renal
parenchyma, and therefore, each segmental artery is an
end vessel. Any exclusion of an accessory renal vessel
would be expected to produce a segmental infarct of
the involved kidney.4 Open aortic reconstruction in
the presence of congenital renal vascular anomalies is
known to represent challenges because of an often
unpredictable renal arterial supply.8-10 In addition, in
the case of HSK, an isthmus of renal parenchyma
crossing anterior to the aorta is often in the field of dis-
section and can have a hidden blood supply of its
own.9,10 Many of the challenges of open aortic repair
in the setting of renal vascular anomaly could be avoid-
ed with a remote, catheter-based endovascular repair.
We analyzed our experience with endovascular treat-
ment of AAAs in 24 patients with congenital renal
artery anomalies.
METHODS
During the period from November 1992 to
January 1999, 204 patients underwent aortic endo-
grafting, 24 (11.8%) of whom were found to have
renal artery variants. Each patient was offered the
option for conventional or endovascular treatment
and was provided informed consent in accordance
with an institutional review board protocol. All the
patients who were analyzed in this study underwent
treatment with one of the authors (Dr Marin) at
Montefiore (n = 42) or Mount Sinai Hospitals (n =
162). All the patients underwent computed tomo-
graphic (CT) scanning with intravenous contrast
and 3-mm cuts through the abdominal aorta. Each
patient also underwent aortography. Because anom-
alous renal vasculature is visualized inconsistently on
CT scans, renal artery size and number were deter-
mined with selective angiography.
Nineteen men and five women who ranged in age
from 63 to 86 years (mean, 71 years) underwent
endografting. Each of these 24 patients had one or
more aberrant or accessory renal arteries. One
patient had a HSK, with a total of seven renal arter-
ies arising from the aorta and the iliac vessels (Fig 1).
Although the iliac vessels were not completely free
from disease, we believed that this patient’s associat-
ed comorbidities provided an unacceptably high risk
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Fig 1 Cont’d. E, Artist’s drawing of endovascular tube reconstruction. F, Computed tomo-
graphic scan at 2 years after endovascular tube graft repair. Full exclusion of aneurysm is seen.
for open repair. One patient had a congenital solitary
pelvic kidney, with a single vessel arising from the
right common iliac artery (Fig 2). Each patient who
was identified with a renal artery anomaly underwent
evaluation with respect to the angiographic appear-
ance of the main renal artery or arteries, the diame-
ter of the ectopic renal vessel at risk, and the presence
of coexisting renal insufficiency. The patients under-
went aortic stenting if the main renal arteries were
without significant disease, if the ectopic artery was
less than 3 mm in diameter, and if there was no sig-
nificant pre-existing renal insufficiency. Most impor-
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Fig 2. A, Computed tomographic scan of patient with solitary pelvic kidney. B, Aortogram
confirms solitary pelvic kidney with single renal artery originating from right common iliac
artery. C, After endovascular tube graft insertion, aneurysm is excluded and the single renal
artery is preserved.
tantly, the patient’s anatomy had to have a suitable
implantation site proximal (1 cm) and distal (1.5 cm)
to the aneurysm to successfully exclude the lesion. In
16 patients, the proximal aortic attachment system,
which was a partially uncovered Palmaz stent (Cordis
Endovascular/Johnson & Johnson, Warren, NJ),
was placed across the renal artery orifice to achieve
complete aneurysm exclusion seal.2
All the procedures were conducted in the operating
suite with epidural anesthesia and fluoroscopic guid-
ance through surgically exposed common femoral arte-
riotomies. The patients were draped as if they were
undergoing open repair in the event that a conversion
to an open intervention was needed. One of three
endograft devices was used to achieve aneurysm exclu-
sion (Fig 3). Twenty patients underwent aneurysmal
exclusion with an aorto-unifemoral device that was sim-
ilar to the graft described by Parodi et al.1 This device
was made of a balloon expandable Palmaz stent
(p5014, Cordis Endovascular/Johnson & Johnson,
Warren, NJ) sutured to a 28-mm to 8-mm, tapered,
expanded polytetrafluoroethylene graft (Impra, Tempe,
Ariz). The proximal 20 mm of the Palmaz stent was left
uncovered to permit transrenal placement. The aortic
reconstruction was completed with a contralateral com-
mon iliac occluder and a femoral-to-femoral bypass
graft for contralateral lower extremity perfusion. Four
patients underwent placement of self-expanding endo-
grafts: three with Vanguard (Boston Scientific Co,
Natick, Mass) and one with Excluder (W.L. Gore and
Associates, Flagstaff, Ariz). Adequate aneurysm exclu-
sion, endoleaks, and the status of the aberrant renal ves-
sels were evaluated intraoperatively with angiography.
All the patients underwent follow-up CT scanning at 1
to 3 days after surgery and at 6 months and annually
thereafter.
RESULTS
Twenty-four patients with 32 anomalous renal
arteries underwent aortic stent grafting for AAA.
Completion intraoperative angiographic results con-
firmed the placement and the satisfactory exclusion
of the aortic aneurysm in all 24 patients. No incom-
plete aneurysm exclusions (endoleaks) were shown.
Ectopic renal arteries were covered in 12 patients
(Fig 4). Two vessels were sacrificed in five patients,
and one vessel was obliterated in seven patients. In
the remaining 12 patients, 15 aberrant renal arteries
were preserved with the careful positioning of the
uncovered portion of the stent cephalad to the ves-
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Fig 3. Endovascular devices for repair of abdominal aortic aneurysms. A, Vanguard (Boston
Scientific, Natick, Mass) endovascular graft. This device is composed of nitinol metal stent with
overlying thin-walled woven Dacron graft. B, Excluder (W.L. Gore and Associates, Flagstaff,
Ariz) endovascular graft. This device is composed of “Z”-configured nitinol wire with expanded
polytetrafluoroethylene graft material lining internal surface. C, Parodi Palmaz balloon expand-
able stent graft design. This custom fabricated endograft is based on the original design of Parodi
and Palmaz and uses Palmaz balloon expandable stent (Cordis Endovascular/Johnson &
Johnson) sutured to tapered expanded polytetrafluoroethylene graft.
sel at risk (Fig 5). Retrograde filling of the aneurysm
sac via excluded accessory renal arteries was not
seen. No main renal arteries were occluded. Routine
postoperative CT scanning was used to confirm the
adequacy of aneurysm exclusion and to evaluate the
perfusion to the renal parenchyma. Surprisingly, of
the 12 patients who required occlusion of a renal
vessel, CT scanning evidence of segmental renal
infarction was found in only six patients. These
infarctions were estimated to account for less than
20% of the total renal mass with CT scan analysis.
There were no deaths in this study group. Two
patients had inguinal incision lymph fistulas, which
resolved without intervention. One patient had
exacerbation of underlying chronic obstructive pul-
monary disease in the postoperative period that
necessitated 5 days of ventilator support. Renal func-
tion was assessed by means of measurement of serum
creatinine level before surgery and then at 3 days, 6
weeks, 3 months, and 1 year. Creatinine levels
remained unchanged in all patients but one. One
patient had a transient rise in serum creatinine level
(1.1 to 2.3 mg/dL) that returned to baseline on the
18th postoperative day. No patient required dialysis
or had hematuria or flank pain caused by segmental
renal infarction. Blood pressure was measured
immediately after surgery and at all follow-up visits.
Likewise, any changes in antihypertensive medica-
tions were noted. We witnessed no new onset and
no worsening of pre-existing hypertension.
DISCUSSION
Seventy percent to 85% of kidneys have a single
artery that originates from the aorta. These main
renal arteries branch into four or five segmental arter-
ies to supply the segments of the renal parenchyma.
The fact that there is no collateralization of the arte-
rial supply within the renal parenchyma makes each
branch an end vessel. Therefore, the loss of just one
vessel should lead to the certain infarction of the cor-
responding segment of kidney.4
Congenital anomalies of the renal vasculature are
present in the general population in several forms.
Supernumerary renal arteries are the most common
and are seen in 25% to 33% of adults.4,11 There are
reports of as many as five separate renal arteries that
arise from the lateral aorta and that supply a single kid-
ney. This occurs with a slightly higher predilection to
the left kidney.4 The management of these accessory
renal arteries with the reimplantation as a Carrel patch
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Fig 4. A, Angiogram shows accessory renal arteries arising between main renal arteries and
aneurysm. B, Both accessory vessels were excluded with bifurcated endograft.
or ligation has been the mainstay in aortic reconstruc-
tion.8,12 The decision to ligate is made on the basis of
the artery’s diameter, usually less than 2 to 3 mm, as a
correlation to the amount of renal parenchyma sup-
plied and the patient’s renal function before surgery.
The aortic endograft procedures attempt to preserve
the accessory renal vessels. However, in this study, the
ability to seat the proximal edge of an endograft into
an adequate infrarenal aorta was predicated on the sac-
rifice of a total of 17 accessory arteries.
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Fig 5. A, Aortograms show abdominal aortic aneurysms
with accessory renal vessels originating from infrarenal
neck. B, Endograft before deployment was carefully posi-
tioned so that graft portion of device would be located
below accessory vessel but open portion of stent would
span renal vessels. C, Completion angiograms show
preservation of accessory vessels with achievement of full
aneurysm exclusion.
Pelvic kidney in association with one normal kid-
ney has an incidence rate that is estimated to be
1:1000 patients. Single pelvic kidneys are reported
to occur in 1 in 22,000 autopsies.4 The literature
reports only three cases of AAA in association with a
pelvic kidney.13,14 Ectopic kidneys, such as the single
pelvic kidney in our series, are associated with a high
incidence of supernumerary renal arteries and origi-
nate almost exclusively from a vessel other than the
aorta. Most commonly, the arterial supply originates
from the iliac vessels. As in the open repair of an
AAA with a pelvic kidney, the most important aspect
of the correct treatment of this aneurysm is the pre-
operative identification of the kidney. With open
repair, the greatest risk is ischemia time to the pelvic
kidney because, by definition, a patient with a pelvic
kidney will always have suprarenal aortic cross
clamping to suture the proximal and distal anasto-
moses.13 Although the time of ischemia during
endovascular deployment, even during the place-
ment of a balloon expandable aortic stent graft, is
minimal, knowledge of the location and especially
the origin of the renal artery is essential to avoid the
devascularization of the entire kidney.9,13,15 It
should be noted that the ideal anatomy for stent
grafting of AAAs in the presence of a single pelvic
kidney is rare. Obviously, the ability to use a tube
graft is convenient, assuming that the renal vascula-
ture originates from the iliac system. Bifurcated stent
grafts and aorto-unifemoral grafts are less applicable
for congenital pelvic kidneys because the common
iliac artery is usually lined with a limb of the bifur-
cated graft or the contralateral occluder when an
aorto-unifemoral device is used. An exception to the
previous application is the presence of an AAA in a
patient with a previous renal transplant. The place-
ment of the transplanted kidney into the iliac fossa
and the construction of a renal-to-external iliac
artery anastomosis permit the fixation of a limb of a
bifurcated graft or the contralateral occluder in the
common or proximal external iliac artery without
the covering of the orifice of the renal artery.
HSKs form embryologically when two kidneys
ascend from the pelvis in close apposition to one
another. If they come into contact, they become
fused anterior to the lower abdominal aorta.11 The
association between HSK and AAA was first
described in 1956 and has been reported in the lit-
erature more than 100 times since then. Coexistence
with an AAA is present in 0.12% of patients who
undergo repair of an aneurysm.10 HSK is associated
with many accessory renal arteries, often arising
from the aneurysm wall itself. Despite this highly
variable renal vasculature, endovascular repair of
these complex aneurysms may simplify and reduce
morbidity. Experience with open aortic reconstruc-
tion in the presence of HSK has shown significant
difficulties. Occasionally, it is necessary to divide the
isthmus of the kidney to obtain access to the distal
aorta and the lumbar vessels. This has been reported
to lead to a urinary fistula in the case of the renal col-
lecting system crossing the midline. The 13% inci-
dence rate of chronic urinary tract infections associ-
ated with HSK intuitively places the prosthetic graft
at risk for infection in this subset of patients.4,16,17
Although endograft infection is certainly a possibili-
ty, the avoidance of the violation of the collecting
system should limit the chances of graft contamina-
tion. Unexpected bleeding has been encountered as
the result of an injury to a single artery from the
anterior aorta to the isthmus, which is present in
65% of the cases. Ferko et al7 report the repair of an
AAA with HSK with a Parodi-type, aorto-
unifemoral stent device. In their case, an accessory
right renal artery was covered. The follow-up CT
scan results showed an infarct that comprised one
fifth of the kidney. The patient demonstrated no
change in serum creatinine level after the surgery.7
Proper preoperative imaging studies are impera-
tive to the identification of those patients with
anatomy amenable to endograft placement. Various
published reports show CT scanning and aortogra-
phy to be 90% and 67% accurate, respectively, in the
identification of HSK. However, aortography was
essential in the delineation of the vascular anatomy
before surgery.9,10 We believe that this just reiterates
the importance of routine preoperative CT scanning
and angiography for stent graft candidates.
As the applicability of endoluminal repair
advances, AAA in association with renal vascular
anomalies will become an increasingly encountered
challenge. Techniques to assure safety before surgery
in sacrificing renal accessory would certainly be use-
ful. Dorffner et al6 recently published data on CT
scan assessment of vascular territory for an accessory
renal artery before stent grafting for AAA with
supernumerary renal artery. With selective accessory
renal artery catheterization and delayed CT scan
images, the area of enhancement was converted to a
percentage of renal mass. This percentage closely
correlated to the portion of kidney infarcted after
stent grafting. Patients were deemed to be good
candidates for endografting if they had a normal cre-
atinine clearance and if the expected renal infarction
accounted for less than one third of the total renal
mass. Follow-up examination results at 3 months
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revealed no increase in creatinine clearance or eleva-
tion of blood pressure, and CT scanning results
showed segmental renal infarcts that closely mim-
icked preoperative predictions.
CONCLUSION
Congenital renal artery anomalies pose significant
challenges in both open and endovascular repairs of
AAAs. Through our endoluminal experience with
these patients, we believe this to be a viable and, in
many instances, preferred technique for treatment.
Often the main obstacle in the deployment of stents
in these patients is the possibility of covering an acces-
sory renal artery to achieve an adequate graft-to-aorta
seal. The routine evaluation of stent graft candidates
with CT scanning and aortography enabled us most
importantly to recognize the anomaly and to thor-
oughly evaluate the location of the renal vasculature
in detail. When necessary, an accessory renal artery, if
less than 3 mm in diameter and in the presence of
normal serum creatinine level, can be incorporated in
the aneurysm exclusion without a noticeable change
in renal function or blood pressure. We acknowledge
that there may be more sensitive tests to measure
renal function, such as renal scintigraphy and creati-
nine clearance. We plan to include these tests in future
patient workups.
Given the lack of collateral circulation in the
renal parenchyma, we were not surprised to see an
absence of retrograde filling of the aneurysm from
the excluded renal vessels. However, peculiar to this
analysis is the low incidence of visualization of renal
segmental infarction on CT scanning. We believe
that this is the result of poor sensitivity of CT scan-
ning to observe small infarcts or that this may signi-
fy a collateral vascular supply via the renal capsule.
This may lead to the assumption that larger accesso-
ry renal arteries could be excluded without conse-
quence. Currently, our recommendation is that only
vessels of 3 mm or less are safe for occlusion.
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Dr William H. Edwards, Jr (Nashville, Tenn). Thank
you, Dr Eidt, members, and guests. Dr Kaplan and his
coauthors from New York have drawn from one of the
largest single institutional series of endovascularly repaired
abdominal aortic aneurysms and analyzed a subset of
patients who have renovascular anatomy variants. They
reviewed 204 patients who had undergone endograft
placement. Roughly 12% of those patients had a variation
DISCUSSION
from normal in their renovascular anatomy. The majority
had multiple small accessory renal arteries. They were
accepted for endovascular repair when the accessory renal
arteries were less than 3 mm in diameter and there was no
co-existing renal insufficiency. They found that there was
very little morbidity to excluding these accessory renal
arteries, and, in fact, in many of the cases, they were able to
adjust their technique to allow perfusion of those arteries.
This paper will be cited by both skeptics and zealots of
the endovascular repair technique. Skeptics of endovascu-
lar repair of abdominal aortic aneurysms will use these
data to further their argument that endovascular repair of
aneurysms does not closely enough mimic open surgery
and that the sacrifice of renal parenchyma is unnecessary
and not warranted. One of the initial concerns with
endovascular repair of aneurysms was the covering of the
inferior mesenteric artery by the graft, causing colonic
ischemia. This has turned out to rarely be a problem,
which was predicted from the infrequent complications
from ligation at open repair. It is not unusual that small
accessory renal arteries are also found during open repair
and ligated without adverse consequences.
This series will also be used by proponents of endovas-
cular repair to illustrate that the technique is more gener-
ally applicable to a greater population of patients and that
accessory renal anatomy is not an exclusionary criterion. It
also illustrates that there may be infrequent long-term
sequelae and few leaks if the accessory renal arteries are
involved in the repair.
The New York group has advocated the stent covering
the main renal arteries in the placement of these grafts,
and, in fact, at this Association meeting last year, we heard
a paper concerning just that topic. In 16 of the 24 patients
in this series, or two thirds, the renal orifices were partial-
ly covered with the fenestrated stents to allow for a long
enough neck.
I have several questions for the authors. First, were all
the renal arteries that were covered by the graft material
intimately covered? In other words, did the accessory renal
arteries ever originate from the body of the aneurysmal
portion of the sac or were they at the inferior aspect of the
neck, as is frequently the case? Did the graft material lie
directly against the orifice, preventing any other flow, or
was it in the middle of the thrombus?
This may have ramifications for whether the artery
thrombosed or remained patent and, in addition, may
have implications for those of us who may be faced with
this situation in the future and must decide whether to
proceed with endovascular repair. We have all seen
endoleaks in which there is both an inflow source and an
outflow source, and unless one of these two is occluded,
the aneurysm sac does not thrombose.
My second question pertains somewhat to the first in
that, if the aberrant renal artery orifices are intimately cov-
ered, were they more likely to thrombose or remain
patent? The authors found that only half the patients had
renal parenchymal infarct with computed tomographic
evidence. Were these patients more likely to have more
than one artery covered, or can there be any prediction on
the basis of anatomy that would lead us to know whether
someone would have a renal parenchymal infarct or the
artery would remain patent? Was there a one-to-one cor-
relation with artery thrombosis and renal infarct?
I enjoyed reading the manuscript because it contains a
lot of information and provokes thought concerning the
future of endovascular repair of these aneurysms. The
New York group has always been on the forefront of
endovascular surgery, and I believe many of us will follow
their lead in the future when this technology becomes
more universally available.
Dr David B. Kaplan. Thank you, Dr Edwards, for
your comments.
In regard to your first question, were any of these
accessory renal arteries that came directly off of the
aneurysm sac occluded. The answer to that is yes. In the
picture of the horseshoe kidney, on the artist’s rendition, it
shows several accessory renal arteries originating from the
sac itself. Actually, with angiographic results, we estimated
there may have been as many as five accessory vessels com-
ing off of that, and those were excluded, obviously, within
the repair. We did not have a problem with endoleaks or
with type II endoleaks originating from back bleeding.
That was one of the questions that we raised during
the review of this material. It did not surprise us that we
did not have any endoleaks with retrograde filling of acces-
sory arteries into the aneurysm sac. Because of this phe-
nomenon, there is no collateralization of blood flow
through the renal parenchyma.
What did surprise us, and this pertains more to your
other question about the number of renal infarcts, was that
we saw as few renal infarcts as we did. I touched on the idea
that there may be a second source of collateralization
through the capsule that is not well understood.
As for whether the arteries showed better exclusion if
they were covered intimately or were just part of the sac,
I do not have an answer for that. All I can speculate on is
what we found after surgery on computed tomographic
scanning. We did not see a significant change in renal
function, and all our aneurysms showed good exclusion.
Unknown speaker. I have just one quick comment.
We have a much smaller experience, but I have had at least
one patient who has become hypertensive after the occlu-
sion of a small accessory renal artery. The patient’s condi-
tion is well controlled with medical therapy, but on occa-
sion the development of renal vascular hypertension can
happen. Thank you. I enjoyed your paper.
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